1. Introduction
===============

Hypertension is a major public health problem around the world owing to its high prevalence and association with a variety of vascular diseases such as heart failure, myocardial infarction, and ischemic stroke.^\[[@R1],[@R2]\]^ Most of previous studies used clinic blood pressure (CBP) to evaluate the association between BP and cardiovascular and renal outcomes.^\[[@R3]--[@R6]\]^ In recent 2 decades, accumulating evidence has consistently shown that ambulatory blood pressure (ABP) is superior to CBP in relation to cardiovascular events.^\[[@R7],[@R8]\]^ The underlying mechanisms may be partly attributed to the more accuracy and comprehensiveness of BP measurement by 24-hour ambulatory blood pressure monitoring (24h-ABPM).^\[[@R9]\]^

Diabetes mellitus is highly prevalent in hypertensive populations compared with the normotensives.^\[[@R10]\]^ In addition, diabetic hypertensive populations are at profoundly high risk for developing cardiovascular events in comparison to their hypertensive counterparts without diabetes.^\[[@R10]\]^ Therefore, intuitively, diabetic hypertensive populations should have more strict BP control, that is, lower systolic/diastolic BP (SBP/DBP) target than their nondiabetic hypertensive counterparts. However, according to the JNC 8 guideline,^\[[@R11]\]^ the BP goal of diabetic populations is defined as \<140/90 mmHg, which is largely because of results of the ACCORD-BP trial and the grade of this recommendation is expert consensus.^\[[@R3]\]^ Nevertheless, results from some major meta-analysis,^\[[@R12],[@R13]\]^ including many high-quality randomized controlled trials, indicated that SBP \<130 mmHg was associated with less cardiovascular and renal benefits in diabetic patients. To our knowledge, these conflicting findings may be at least partly associated with less accuracy and high variability of CBP measurements. In contrast, as mentioned above, 24h-ABPM could overcome this limitation, which in turn may provide more accurate BP information and also may be better to predict cardiovascular events than CBP.

In light of the advantages of 24h-ABPM for BP evaluation, we conducted a prospective observational study to evaluate whether 24h-ABPM would be superior to CBP for predicting cardiovascular events in diabetic hypertensive populations.

2. Methods
==========

2.1. Study participants
-----------------------

Diabetic hypertensive patients in outpatient clinic who were qualified to study inclusion criteria were enrolled after informed consent was obtained. Inclusion criteria were as follows: age 45 to 75 years and a documented diagnosis of type 2 diabetes mellitus and primary hypertension. Exclusion criteria were those who could not walk as usual when 24h-ABPM was performing, or who had established cardiovascular diseases (including myocardial infarction, ischemic/hemorrhagic stroke, heart failure, or revascularization either by percutaneous coronary intervention or coronary artery bridging grafting), or who were with severe liver function impairment (alanine transaminase \[ALT\] ≥3 times of upper normal limit) or moderate renal function impairment (estimated glomerular filtration rate \[eGFR\]≤60 mL/min/1.73 m^2^ using the Modification of Diet in Renal Disease \[MDRD\] formula ^\[[@R14]\]^) dysfunction, or who had other comorbidities such as autoimmune diseases (e.g., rheumatoid arthritis) or cancer with life expectancy \<1 year. Our present study was approved by the Clinical Research Ethical Committee of Huizhou Municipal Central Hospital.

2.2. Blood pressure measurements
--------------------------------

Clinic BP measurements were in line with the JNC 7 guideline,^\[[@R15]\]^ and patients sit quietly for 5 minutes and appropriate cuff size was applied to non-dominant arm with bladder encircled at least 80% of the arm (HEM7200, Omron Healthcare, Tokyo, Japan). Patients' backs were supported and arms were placed on the desk in parallel to the level of heart. Three times with 1-minute interval of each BP measurements were performed and the last two readings were averaged as CBP. 24h-ABPM was performed in accordance to the European Society Hypertension practice guideline for ABPM (The Spacelab\'s 90217, Spacelab\'s Inc, Redmond, WA).^\[[@R9]\]^ Daytime and nighttime intervals were determined using sleep time reported by patients' diary cards, and at least 20 valid awake and 7 valid asleep measurements should be recorded, and those with unqualified measurement were asked to take 24h-ABPM measurements again. Night/day ratio was calculated by mean nighttime BP value divided by daytime BP value, and night/day ratio \<0.9 was defined as dipping pattern and ≥0.9 was as nondipping pattern.^\[[@R16]\]^

2.3. Clinical and biochemical data collection
---------------------------------------------

Study participants were asked to finish structured questionnaire (including demographic and anthropometric indices) with the help of research investigator. Biochemical indices including lipid profiles, fasting plasma glucose, glycated hemoglobin (HbA1c), creatinine (Cr) and blood urine nitrogen, albumin (ALB), and ALT were measured using fasting venous blood. Morning first voided urine sample was used to evaluate ALB/Cr ratio by means of automatic dipstick analysis.^\[[@R17]\]^

2.4. Study endpoints
--------------------

Study participants were followed-up every 3 months via telephone interview or in outpatient clinic and study endpoints including angina pectoris, myocardial infarction, ischemic/hemorrhagic stroke, hospitalization for heart failure, and cardiovascular death were reported by patients or their immediate relatives and were further confirmed by medical records or their charging physicians. The first occurred event was recorded and the duration of follow-up was 12 months.

2.5. Statistical analysis
-------------------------

Continuous variables were expressed as mean ± standard deviation \[SD\] and between-group differences were analyzed using the independent Student *t* test. Categorical variables were expressed as number and frequency of cases, and between-group differences were analyzed using *χ*^2^ analysis or Fisher exact test. Cox proportional hazards regression analysis was used to evaluate prognostic value of baseline CBP and ABP. Analysis was restricted to the first event if patients who had experienced multiple events. The hazard ratio (HR) represents the risk associated with a 1-SD increment in BP. In multivariable Cox regression analysis, age, male sex, smoking, serum low-density lipoprotein-cholesterol (LDL-C) level, HbA1c, eGFR, urine ALB/Cr ratio, antidiabetic and antihypertensive medication, anti-platelet, and statin were adjusted. Statistical analysis was conducted in SPSS 17.0 (SPSS Inc, Chicago, IL).

3. Results
==========

3.1. General characteristics of study participants
--------------------------------------------------

Initially, 450 participants were enrolled from July of 2014 to July of 2015, and 34 were lost to follow-up. Among them, 28 moved to other cities and 6 refused to follow-up. Baseline characteristics of these 34 participants were comparable to the remaining participants. Generally, the mean age of 416 remaining participants was 59 years and 66.8% were male. The durations of hypertension and diabetes were 6.4 ± 2.4 years and 4.5 ± 2.5 years, respectively. The mean eGFR was 95.4 ± 9.3 mL/min/1.73 m^2^ and ALB/Cr ratio was 2.2 ± 0.5 mg/mmol. The mean numbers of anti-hypertensive and antidiabetic medications were 2.6 ± 0.4 and 2.3 ± 0.3, respectively.

3.2. Comparisons of baseline characteristics between participants with and without study end-points
---------------------------------------------------------------------------------------------------

After 12 months' follow-up, 46 participants (11.1%) had study endpoints. Among them, 28 had angina pectoris, 5 myocardial infarction, 8 ischemic stroke, and 5 heart failure. As shown in Table [1](#T1){ref-type="table"}, compared with participants without study endpoints, participants with study endpoints were more elderly and more likely to be male. The duration of hypertension was also longer (7.0 ± 3.0 years vs. 6.4 ± 2.1 years, *P* \< .05). Proportion of participants with study endpoints used angiotensin-converting enzyme inhibitor or angiotensin receptor blocker (ACRI/ARB) were significantly less compared to those without endpoints (54.3% vs. 61.9%, *P* \< .05). No other significant between-group differences were observed.
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Comparisons of baseline characteristics between participants without and with study endpoints.

![](medi-96-e7807-g001)

3.3. Comparisons of BP indices between participants with and without study endpoints
------------------------------------------------------------------------------------

As shown in Table [2](#T2){ref-type="table"}, there were no significant between-group differences in clinic BP indices. However, compared with participants without study endpoints, those with study endpoints had significantly higher 24h-SBP (134 ± 10 mmHg vs. 128 ± 7 mmHg, *P* \< .05), nighttime-SBP (130 ± 7 mmHg vs. 120 ± 5 mmHg, *P* \< .05) and night/day SBP ratio (0.97 ± 0.09 vs. 0.94 ± 0.08, *P* \< .05), and 24h-SBP variability as indexed by 24-hour SD of SBP, 24-hour weighted SD of SBP, and 24-hour average real variability of SBP. Moreover, the proportion of participants with nondipping BP pattern was also significantly higher (39.1% vs. 31.4%, *P* \< 0.05).
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Comparisons of BP indices between participants with and without study endpoints.
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3.4. Prognostic value of CBP and ABP
------------------------------------

Prognostic values of CBP and ABP were separately evaluated using multivariable Cox regression analysis. As shown in Table [3](#T3){ref-type="table"}, in SBP category, clinic SBP was not significantly and independently related with study endpoints after adjusted for nondipping BP pattern. While regarding ABP, after extensively adjusted for traditional risk factors, nondipping BP pattern and 24h-SBP, both 24h-SBP and nighttime-SBP remained independently related with cardiovascular outcomes, with HR and associated 95% confidence interval (CI) was 1.53 (1.28--2.03) and 1.50 (1.26--1.89), respectively. While in DBP category, after extensively adjusted for traditional risk factors, non-dipping BP pattern and 24h-DBP, neither DBP nor diastolic ABP indices were independently related with cardiovascular outcomes. Similarly, no significant and independent relationship between BP pattern and cardiovascular outcomes were observed.
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Prognostic value of CBP and ABP.
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4. Discussion
=============

Results from our present study indicate that in diabetic hypertensive populations, baseline 24h-SBP and nighttime SBP are superior to clinic BP in predicting cardiovascular outcomes after 1-years follow-up. Combined with previous reports,^\[[@R18]--[@R21]\]^ it is reasonable to conclude that in diabetic hypertensive populations, 24h-SBP or nighttime SBP should be better than CBP for cardiovascular risk prediction.

With respect to our study design, there are several issues which should be addressed. First of all, the mean durations of hypertension (6.4 years) and diabetes (4.5 years) in our study participants were \<10 years, suggesting that the arterial system in our enrolled participants might be at a relative healthy condition compared to those with long-standing hypertension and diabetes, which in turn might have less impact on the accuracy of BP measurement by noninvasive approach. In contrast, patients with long-standing hypertension and diabetes, concurrent arterial stiffness, and arteriosclerosis might significantly influence the accuracy of BP measurement,^\[[@R22]\]^ which in turn undermined the prognostic value of BP. Second, the follow-up was only 1 year and the long-term prognostic values of 24h-SBP and nighttime SBP should be further investigated. However, it appears that BP indices obtained by 24h-ABPM might be useful for short-term cardiovascular risk prediction. Third, among the 46 cardiovascular events, 28 (60.9%) were angina pectoris, which were relatively soft endpoints compared with others such as myocardial infarction and stroke. Long-term follow-up and larger sample size would help to determine whether baseline 24h-SBP and nighttime-SBP would be powered to predict hard outcomes in diabetic patients with hypertension. Fourth, we observed that compared to those without study endpoints, the proportion of ACEI/ARB usage in patients with study endpoints was less. Nevertheless, after adjusted for these potential covariates, 24h-SBP and nighttime SBP were still significantly related with cardiovascular outcomes, suggesting that the prognostic value of ABP was independent of antihypertensive treatment.

Other previous studies also showed that BP indices obtained from 24h-ABPM were better in prediction of vascular diseases. For example, in a prospective cohort study, Satrap et al^\[[@R23]\]^ reported that after 9.2 years' follow-up, nondipping BP pattern was independently associated with all-cause mortality in patients with diabetes. However, they did not report the association between ABP and specific cardiovascular outcomes. Moreover, they just enrolled 104 participants, which might prevent them evaluating the relationship between ABP and individual cardiovascular outcome. Sturrock et al^\[[@R24]\]^ also reported that nondipping BP pattern predicted all-cause mortality in a mixed cohort of type 1 and type 2 diabetes mellitus patients. However, this was a retrospective study with a relative small sample size (75 participants), which undermined the generalizability of their findings. Nevertheless, in our present study, we did not observe independent and significant relationship between nondipping BP pattern and cardiovascular events after extensively adjusted for potential covariates as shown in Table [3](#T3){ref-type="table"}. In a longitudinal observational study, Nakano et al^\[[@R25]\]^ also reported that in type 2 diabetes subjects, ABP level rather than dipper/nondipper status predicted vascular events after a median follow-up of 86 months. The discrepancies between different studies might be related to the differences in study sample size, patients' clinical characteristics, and study design.

In a prospective cohort study,^\[[@R20]\]^ Salles et al reported that after a median 5.75 years' follow-up, compared with clinic BP, ABPM provided more valuable information in cardiovascular risk stratification in type 2 diabetes mellitus populations. They also reported that ambulatory SBP was the strongest predictor. Consistent with their findings, our study also showed that ambulatory SBP (24h-SBP and nighttime SBP) was the most significant predictor for cardiovascular outcomes. However, the study of Salles et al was a mixed cohort of participants with and without established cardiovascular diseases at enrollment, whereas in our study, we did not recruit those with established cardiovascular diseases. In addition, in this study, we also evaluated the 24-hour variability of BP and as presented in Table [2](#T2){ref-type="table"} that, participants with study endpoints had higher SBP variability compared to those without endpoints, suggesting that parameters of BP variability assessed by 24h-ABPM might be also a useful marker to stratify cardiovascular risk.

There are several limitations of this study. First, 34 (7.5%) participants were lost to follow-up; however, no significant differences in baseline characteristics were observed. Second, although baseline medical treatments were adjusted, data on antihypertensive and antidiabetic medications during follow-up were not obtained and therefore it was impossible for us to adjust for the potential effect of treatment on cardiovascular outcomes. Third, CBP and ABP were collected only at baseline, and therefore the influence of changes in these BP indices on cardiovascular outcomes cannot be assessed. Finally, short-term duration of follow-up might not allow us to draw conclusion on long-term outcomes.

5. Conclusion
=============

In summary, the principle findings of our study indicate that in diabetic hypertensive patients without established cardiovascular diseases, baseline 24h-SBP and nighttime SBP are useful markers for predicting short-term cardiovascular outcomes.
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